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ABSTRACT
Rotavirus and pathogenic free-living amoebae are causative agents of important health 
problems, especially for developing countries like Pakistan where the population has limited 
access to clean water supplies. Here, we evaluated the prevalence of rotavirus and free-living 
amoebae (Acanthamoeba spp., Balamuthia mandrillaris, Naegleria fowleri) in drinking 
water supplies of Karachi, Pakistan. Six water filtration plants that supply drinking water 
to the population of Karachi were investigated. Additionally, drinking water samples from 
households were analyzed for the presence of rotavirus and free-living amoebae. Rotavirus 
was present in 35% of the water samples collected from water filtration plants; however, 
domestic tap water samples had a prevalence of only 5%. Out of 20 water samples from 
filtration plants, 13 (65%) were positive for Acanthamoeba spp., and one (5%) was positive for 
B. mandrillaris. Out of 20 drinking water samples collected from different areas of Karachi, 
35% were positive for Acanthamoeba spp. Rotavirus was detected in 5% of the drinking water 
samples tested. Overall, these findings showed for the first time the presence of rotavirus, in 
addition to pathogenic free-living amoebae in drinking water supplies of Karachi that could 
be an important public health risk for the affected population. 
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INTRODUCTION
Aquatic environments serve as a reservoir for enteric viruses, free-living amoebae 
and bacterial pathogens. If treated ineffectively, drinking water supplies pose a 
serious risk to public health1-3. Among viruses, species of the genus rotavirus are 
recognized as one of the leading viruses causing diarrhea in infants and children. 
Rotavirus is a double-stranded RNA virus with icosahedral symmetry. Based on their 
genetic and antigenic properties, seven species (A to G) of rotaviruses have been 
defined. Among these, rotavirus A accounts for more than 90% of gastroenteritis in 
humans worldwide4. Recently, oral rotavirus vaccine has been introduced in several 
countries using attenuated rotaviruses limiting the number of cases by more than 
70%, however it is not part of routine immunization in several countries including 
Pakistan. The virus is highly transmissible from contaminated surfaces and it 
could survive up to several weeks or months5. Free-living amoebae are common 
inhabitants of our ecological environment, e.g., soil and water. Given the opportunity 
and host susceptibility, pathogenic free-living amoebae can cause serious and 
sometimes fatal infections. These include primary amoebic meningoencephalitis 
due to Naegleria fowleri; granulomatous amoebic encephalitis due to pathogenic 
Acanthamoeba spp. and Balamuthia mandrillaris, as well as a blinding keratitis due 
to pathogenic Acanthamoeba spp6. In addition, several lines of evidence suggest 
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that amoebae harbor bacterial and viral pathogens, and help 
them to survive, propagate and colonize, thus contributing 
to their transmission to susceptible hosts7.Verani et al.8 
showed that A. polyphaga provides protection to human 
adenoviruses in natural environments, the latter, in turn, 
can cause a variety of infections. In this regard, infections 
by amoebae-associated pathogens, as demonstrated by the 
presence of amoebae as well as rotavirus are a potential risk 
to public health. This is of particular concern as developing 
countries such as Pakistan face serious fresh water shortage 
and increased public reliance on water storage tanks and 
wells. Among a plethora of pathogens, here we investigated 
the prevalence of rotavirus and representative free-living 
amoebae (Acanthamoeba spp., B. mandrillaris, N. fowleri) 
in the water filtration plants that supply drinking water to 
the population of Karachi, and drinking water samples 
from households. It is hypothesized that rotavirus and free-
living amoebae co-exist in the drinking water supplies in a 
symbiotic relationship. 
MATERIAL AND METHODS 
Study location and water sampling
There are six different water filtration plants that supply 
drinking water to the city of Karachi, Pakistan, and all were 
analyzed (Figure 1). These included water samples from 
Keenjhar Lake and its associated filtration plant (Keenjhar 
extreme Inlet, K.G. canal outlet, K.B. Feeder inlet point), 
Gharo filtration plant, Pipri filtration plant, NEK old 
filtration plant, COD filtration plant and NEK II filtration 
plant. Water samples were collected from February to July 
2014, on a monthly basis. Apart from NEK old filtration 
plant and NEK II filtration plant, water samples were 
collected at three points of filtration i.e., inlet, intermediate, 
and post-treatment samples. From each testing site, two 
liters of water sample were collected in sterile water bottles 
and kept at 4 oC until analyzed, within one week. 
Two liter water samples were collected from domestic 
tap water supplies in sterile bottles. A total of 20 samples 
were collected from different areas of Karachi from May 
to July 2014. All the 20 samples were randomly selected 
from various locations of Karachi city. Each sample was 
collected in a polypropylene bottle, and stored at 4 ºC until 
subsequent analysis, within one week.
Processing of rotavirus samples
One liter of water sample was filtered through a sterilized 
positively charged 47-diameter Sartolon polyamide 0.45 μm 
pore size filter (Sartorius, Goettingen) under vacuum. After 
filtration, the filter paper was placed in a sterile Petri dish. 
Viruses were eluted in Tris-glycine buffer containing 1% of 
beef extract (pH 9.5) with brief horizontal shaking (100 x g) 
for 20 min. at room temperature. The eluate was neutralized 
with 1 N HCl and centrifuged for 1 h at 13,000 x g at 4 °C. 
The supernatant was removed and the pellet was resuspended 
in 200 μL of sterile PBS and stored at -80 oC until the 
analysis9. The extracted virus particles were screened for the 
presence of rotavirus antigen with a commercially available 
enzyme-linked immunosorbent assay (ELISA) kit (ProSpecT 
Rotavirus Kit, Oxoid Company, UK) as per manufacturer’s 
instructions. The sandwich enzyme immunoassay (ELISA) 
kit contains a polyclonal antibody on a solid-phase to detect 
the presence of rotavirus A antigen (ProSpecT Rotavirus 
Kit Oxoid). The extracted virus particles as well as positive 
and negative control samples provided in the kit, were added 
and incubated with rotavirus A antigen-specific polyclonal 
antibody, conjugated to horseradish peroxidase. The micro-
well plate was incubated at room temperature for 1 h. Next, 
microplates were washed with washing buffer to remove the 
excess specimen and any unbound enzyme labeled antibody. 
A chromogen was added and plates incubated for 10 min 
at room temperature. The presence of specifically-bound 
enzyme labeled antibody in the micro wells resulted in a color 
change. The reaction was stopped by adding acetic acid, and 
the absorbance was read at 450 nm. The values ≥ 0.15 were 
considered positive for rotavirus A antigen. 
Isolation and identification of Acanthamoeba spp., 
Naegleria fowleri and Balamuthia mandrillaris in water 
samples
An additional one liter of water sample was filtered 
through a sterilized 0.45 μm pore size cellulose filter under 
Figure 1 - Map showing water collection sites for water filtration 
and supply to the city of Karachi, Pakistan
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vacuum. The filters were inverted on to 1.5% non-nutrient 
agar plates containing a lawn of heat-inactivated E. coli 
K-12 laboratory strain, HB101 as previously described10. 
Plates were incubated at 35 oC, then daily examined for the 
presence of amoebae using a phase-contrast microscope, 
for up to 3 weeks. As a positive control, approximately 
10,000 amoebae were added to sterile distilled water in 
a 1 liter bottle and processed as above. The identity of 
amoebae was confirmed using polymerase chain reaction 
(PCR). Briefly, DNA was extracted using Instagene matrix 
(BioRad) according to the manufacturer’s instructions. 
The supernatant containing DNA (~1 ng) was used as 
the template for PCR and analyzed for the presence of 
Acanthamoeba spp., N. fowleri and B. mandrillaris using 
specific primers, as described previously11. The primer 
sequence for Acanthamoeba spp., yielded an amplicon 
of 910bp12, N. fowleri yielding an amplicon of 153bp13 
and B. mandrillaris yielding an amplicon of 171bp14 are 
indicated in Table 1.
RESULTS AND DISCUSSION
Enzyme-linked immunosorbent assay (ELISA) 
demonstrated the presence of rotavirus antigen in 
water treatment plant samples and drinking water 
supplies
For the first time in Pakistan, water samples from 
various water filtration plants, as well as water samples from 
drinking water supplies, were analyzed for the presence of 
rotavirus A antigen. Among 20 water samples obtained from 
six different water filtration plants in Karachi, rotavirus 
antigen was detected in seven out of 20 samples (35%) 
(Figure 2, Table 2). Although rotavirus antigen was found in 
raw and inlet water samples, post-treatment water samples 
from Keenjhar Lake filtration plant, Gharo filtration plant, 
Pipri filtration plant, NEK old filtration plant and NEK 
II filtration plant did not show the presence of rotavirus 
antigens. However, water samples collected from COD 
filtration plant showed the presence of rotavirus antigens 
in inlet, intermediate, as well as post-treatment water 
samples. Twenty tap water samples from households were 
also collected from drinking water supplies in different 
regions of Karachi, and analyzed. Rotavirus antigen was 
detected in one water sample out of 20 (5%) drinking water 
samples tested (Table 2). When data were grouped for each 
plant, it was noteworthy that only two plants out of six 
were able to clean the rotavirus contamination. Thus, these 
data may explain the lower prevalence of rotavirus antigen 
in tap water as compared to the water collected from the 
treatment plants.
Presence of free-living amoebae in samples from 
water filtration plants and drinking water supplies of 
Karachi
The water samples collected from six water treatment 
plants were tested for the presence of free-living amoebae 
(Acanthamoeba spp., N. fowleri and B. mandrillaris) 
using PCR. Out of 20 water samples from filtration plants, 
13 (65%) were positive for Acanthamoeba spp., and 
1 (5%) was positive for B. mandrillaris (Table 2). All the 
samples tested negative for N. fowleri. Out of 20 drinking 
water samples collected from different areas of Karachi, 
7 (35%) were positive for Acanthamoeba spp., however all 
drinking water samples were negative for N. fowleri and 
B. mandrillaris (Table 2).
Drinking water supplied to the population of Karachi 
is sourced from Keenjhar Lake and carried to water 
treatment plants for setting, filtration and chlorination. 
Subsequently, water is distributed to the local population 
of Karachi. Keenjhar Lake is situated in the Thatta district, 
Sindh, and is one of the main sources of water (900 cubic 
feet per second per day) through which drinking water is 
supplied to Karachi, albeit intermittently. It is estimated 
that > 30,000 people, out of whom 20,000 are children, 
die every year due to diarrheal diseases in Karachi alone 
because of unsafe water15-17. Among diarrheal pathogens, 
rotavirus is the leading cause of morbidity and mortality in 
children18-20. For the first time in Pakistan, we showed the 
Table 1 - The primer pairs used in the present study to identify Acanthamoeba spp., Naegleria fowleri and Balamuthia mandrillaris 
Primer sequence
Acanthamoeba spp. AcanF (5’-TTTGAATTCGCTCCAATAGCGTATATTAA-3’)
AcanR (5’-TTTGAATTCAGAAAGAGCTATCAATCTGT-3’)
Naeglaria fowleri NaeglF192 (5’-GTGCTGAAACCTAGCTATTGTAACTCAGT-3’)
NaeglR344 (5’-CACTAGAAAAAGCAAACCTGAAAGG-3’)
Balamuthia mandrillaris BalaF1451 (5’-TAACCTGCTAAATAGTCATGCCAAT-3’)
BalaR1621 (5’-CAAACTTCCCTCGGCTAATCA-3’)
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presence of rotavirus in 35% of water samples collected 
from water filtration plants, as well as 5% of water samples 
collected from drinking water supplies. In comparison, 
rotavirus was detected in 1.4% of drinking water samples 
analyzed in Pretoria, South Africa, and 11.8% of water 
samples collected from water purification plants21, 2% 
of water samples in Slovenia22, while in China, rotavirus 
was detected in 34.6% of raw water drawn samples from 
Table 2 - Distribution of rotavirus and free-living amoebae in six water filtration plants that supply drinking water to the population 
of Karachi, Pakistan
Sr. Water source Rotavirus Free-living amoebae
1 COD plant (inlet water sample) Positive Negative
2 COD plant (intermediate-treatment) Positive Negative
3 COD plant (post-treatment) Positive Acanthamoeba
4 Pipri plant (inlet) Negative Negative
5 Pipri plant (intermediate) Negative Negative
6 Pipri plant (post-treatment) Negative Acanthamoeba/ Balamuthia
7 Gharo plant (inlet) Positive Acanthamoeba
8 Gharo plant (intermediate) Positive Acanthamoeba
9 Gharo plant (post-treatment) Negative Acanthamoeba
10 Keenjhar plant (inlet) Positive Negative
11 Keenjhar plant (intermediate) Positive Negative
12 Keenjhar plant (post-treatment) Negative Negative
13 NEK old plant (raw) Negative Acanthamoeba
14 NEK old plant (inlet) Negative Acanthamoeba
15 NEK old plant (intermediate) Negative Acanthamoeba
16 NEK old (post-treatment) Negative Acanthamoeba
17 NEK II plant (raw) Negative Acanthamoeba
18 NEK II plant (inlet) Negative Acanthamoeba
19 NEK II plant (intermediate) Negative Acanthamoeba
20 NEK II plant (post-treatment) Negative Acanthamoeba
Figure 2 - Water samples from different filtration plants (Keenjhar, Gharo, Pipri, NEK old, COD and NEK II filtration plants) were 
collected between February and July, 2014, and tested for the presence of rotavirus A antigen, as described in Materials and 
Methods. The values ≥ 0.15 were considered positive for rotavirus antigen
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the source; 11.7% of treated water samples and 22.4% of 
tap water samples from different areas of Beijing23, albeit 
different methodologies were used to detect rotavirus. 
Rotavirus was detected in up to 62.5% of water samples 
collected from filtration plants18, while 37.5% of water 
samples were positive for rotavirus in drinking water 
samples in Columbia; 48.1% of tested water samples 
were positive for rotavirus, in Ghana24. Notably, our 
study used ELISA to detect rotavirus antigen and it is 
limited to water samples collected from filtration plants, 
as well as households that were supplied with treated 
water by the local Karachi Water and Sewage Board. 
This excludes many slums and other areas of Karachi. A 
large disadvantaged population of Karachi relies on water 
through tanker and other sources that are often untreated, 
which is the subject of future studies. Future studies should 
investigate water samples supplied to a larger population 
of Karachi as well as seasonal distribution of microbial 
contaminants, which will provide the accurate account 
of prevalence of pathogenic microbes in the drinking 
water supplies of Karachi. Several lines of investigations 
showed an association between the occurrence of rotavirus 
infection and weather conditions. Rotavirus infection 
rates were high in the winter season, compared with the 
summer season in the USA19, Japan25, Northern Asian 
regions20, temperate regions in Australia26 and Europe27. 
In moderate climate regions, a peak in rotavirus infection 
was often observed in colder and drier months of the 
year28. A comprehensive study on the seasonal distribution 
of rotavirus in drinking water supplies of Karachi and 
the number of rotavirus-associated diarrheal cases in 
local hospitals throughout the year will determine the 
effectiveness of the present water treatment practices. 
Our study also showed that up to 65% of water samples 
were positive for Acanthamoeba spp. and 5% of water 
samples were positive for B. mandrillaris from water 
collected from filtration plants, while 35% of drinking water 
samples were positive for Acanthamoeba spp. Notably, 
when the contamination was already present in the incoming 
water (three plants out of six), none of the analyzed plants 
were able to reduce it. Moreover two plants out of six 
(i.e., COD and Pipri, Table 2) showed Acanthamoeba spp. 
and/ or B. mandrillaris contamination in the outcoming, but 
not in the incoming water. These findings suggest that source 
of amoebae contamination is post-treatment, which should 
be investigated in further studies. This is in accordance with 
the high prevalence of Acanthamoeba spp. (35%) found 
in the tap water samples. These results are consistent with 
previous findings which showed the prevalence of free-
living amoebae in 38% of the water samples tested11. For 
example, in Sivas, Turkey, free-living amoebae were found 
in 30% of drinking water samples29, while water samples 
in Nicaragua had a prevalence of 21% of Acanthamoeba 
spp. in drinking water supplies30. Acanthamoeba are known 
to predate and/ or harbour viruses, bacteria, protists and 
are often referred to as the Trojan horse of the microbial 
world7. Supporting this idea, recent studies have tested the 
interaction between A. polyphaga and human adenovirus 
to determine whether the amoeba play a role in protecting 
the internalized viruses from chemical disinfection. The 
results revealed that when amoeba and human adenovirus 
were co-cultured, infectious viruses were more resistant 
to disinfection suggesting that A. polyphaghas provided 
protection for human adenovirus. Based on these findings, 
it is tempting to speculate that there is association between 
Acanthamoeba and rotavirus. Notably, recent studies have 
suggested that rotavirus internalization of A. castellanii 
occurs only via infected mammalian cells, but not of freely 
suspended virus31. The precise rotavirus association with 
Acanthamoeba and the potential implications of amoeba to 
harbour viruses during its cyst stage to protect against water 
disinfection strategies, as well as to help their transmission 
to susceptible populations, is an interesting hypothesis 
which will be the subject of future studies. Moreover, it can 
be speculated that viruses ingested by Acanthamoeba can 
be incorporated by protists into biofilms and survive within 
this protected niche environment. Upon environmental 
stimuli, viruses may escape from the biofilm, representing 
a potential threat. It is also possible that rotavirus replicate 
within the infected protist, or that multiplication of protists 
may lead to increased progeny of the virus, thus increasing 
the potential for virus spread. Overall, this study has 
underlined the need for additional investigations of aquatic 
environments, in addition to drinking water supplied to 
larger population of Karachi, to detect rotavirus strains 
and free-living amoebae circulating in the community, 
their seasonal distribution and possible associations during 
various stages of the life cycle of Acanthamoeba. The 
effective management of public water supplies and the 
implementation of proper precautionary regulatory actions 
will assist in the prevention of serious diseases caused by 
rotavirus and pathogenic protists or resulting from their 
symbiotic hyperparasitic roles.
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